The recent accumulation of large amounts of 3D structural data warrants a sensitive and automatic method to compare and classify these structures. We developed a web server for comparing protein 3D structures using the program Matras (http://biunit. aist-nara.ac.jp/matras). An advantage of Matras is its structure similarity score, which is defined as the log-odds of the probabilities, similar to Dayhoff's substitution model of amino acids. This score is designed to detect evolutionarily related (homologous) structural similarities. Our web server has three main services. The first one is a pairwise 3D alignment, which is simply align two structures. A user can assign structures by either inputting PDB codes or by uploading PDB format files in the local machine. The second service is a multiple 3D alignment, which compares several protein structures. This program employs the progressive alignment algorithm, in which pairwise 3D alignments are assembled in the proper order. The third service is a 3D library search, which compares one query structure against a large number of library structures. We hope this server provides useful tools for insights into protein 3D structures.
INTRODUCTION
The comparison of protein 3D structures is an important technique in structural biology. Due to the conservation of structural features in evolution, structural similarities provide biologically and evolutionarily interesting insights and help us to predict molecular functions from structures. Recently, the growth of the Protein Data Bank (PDB) has been accelerated by a large scale structure determination project, called 'structural genomics' (1) and thus an automatic comparison of 3D structures has become more important to take advantage of the huge amount of structural data.
We now report a new server for protein 3D structure comparisons (http://biunit.aist-nara.ac.jp/matras). Several automatic servers for protein structure comparisons are already available. Among them, the DALI server (http://www2.ebi.ac.uk/dali/) (2) is the most popular, structural biologists routinely use it after solving structures experimentally. Other servers, such as VAST (http://www.ncbi.nlm.nih.gov/Structure/VAST/vast. shtml) (3), SSAP (http://www.biochem.ucl.ac.uk/cgi-bin/cath/ GetSsapRasmol.pl) (4) and CE (http://cl.sdsc.edu/ce.html) (5), are also available. They have their own unique features. We believe that our server has two advantages over the other sites. The first point is its novel structural similarity score, which is defined as the log-odds of two probabilities (6), using a scheme similar to Dayhoff's amino acids substitution score (7) . It is designed to detect homologous similarity sensitively. The second point is that besides the 3D library search, our server has various other structure comparison methods, such as multiple 3D structure alignment and self 3D structure alignment.
BASIC METHOD
We will briefly explain the outline of our structure comparison method Matras (MArkov TRAnsition of protein Structure evolution) (6). Our structure similarity score is based on the following log-odds formula:
Sði; jÞ ¼ log Pði ! jÞ Pð jÞ 1 where i and j are the states of structural features, such as the residue-residue distance, P(j) is the probability that a state j appears by chance, and P(i ! j) is the probability that state i changes to state j during evolution, which is obtained using the Markov transition model. The definition of our score is similar to Dayhoff's model of amino acid substitution (7). We used three kinds of scores, but the final evaluation is done by the distance score S dis , which depends on the distance between the C beta atoms. The alignment is done by the hierarchical alignment heuristics, in which the SSEs (secondary structure elements) are first aligned, and then a residue-based alignment is iteratively performed using the previous alignment. The details were described in our previous paper (6). 
PAIRWISE 3D ALIGNMENT
To compare and align two structures is the most basic procedure for structural comparison. Other structural comparisons, such as multiple alignments and library searches, were developed based on the pairwise 3D alignment. In our web page, a user can assign structures either by inputting the PDB code or by uploading the PDB format files in the user's computer. An alignment, superimposed structures, and various kinds of structural similarities, such as raw score, RMSD, sequence identity are shown. The Z-score is the most sensitive value for detecting homology (6), but when only two structures are aligned, statistical parameters from library searches are not available. To evaluate pairwise similarities, we introduced the following R-score (%):
RðA; BÞ ¼ SðA; BÞ À S min S max À S min Â 100 2
where A and B represent proteins, S(A, B) is the raw log-odds score between protein A and B, and S min and S max are the minimum and maximum scores, respectively. This score is similar to the guide-tree score proposed by Feng and Doolittle (8) . We simply assign S min ¼ 0, and S max is defined as an averaged score value between self similarity scores:
This R score is reasonably sensitive, although a little worse than Z-score in terms of the coverage-reliability plots of the SCOP superfamily (data not shown). Our web server outputs the R-score instead of the Z-score, for a pairwise alignment. It also shows reliability that a pair with a R-score belongs to the same SCOP superfamily or fold. In order to view a superimposed structure, we prepared three options: image, Chime plug-in (http://www.mdlchime.com/chime/), and RasMol (http://www. OpenRasMol.org) as an external application.
MULTIPLE 3D ALIGNMENT
A multiple 3D alignment compares several structures belonging to the same superfamily, which provides important biological insight such as conserved sites or conserved structural features. However, it is well known that the problem of multiple sequence alignment is difficult to solve strictly, and that for 3D structures must be much more difficult because of the multi-body properties of 3D structures. To solve the problem within a reasonable computational time, we used the progressive alignment algorithm, which is the most popular heuristics for multiple sequence alignment (8) . The progressive alignment consists of the following three steps: (i) calculate pairwise 3D alignments and similarities for all of the protein pairs;
(ii) construct a guide tree using the R-score (Eq. 2) by the UPGMA method; (iii) starting from the leaf nodes of the guide tree, progressively align all of the nodes, in order of decreasing similarity. For aligning a group to another group, all of the protein pairs between the two groups are tried, and the best pairwise alignment determines the alignment of the two groups. In other words, our multiple 3D alignment is performed by assembling the results of the pairwise 3D alignments in the proper order. Using our web server, a user can compare up to 10 structures. It also shows the superimposed structures and a dendrogram of structural similarities (Fig. 1) .
3D LIBRARY SEARCH
This is for searching similar structures of a query structure within a large number of library structures. Among the several services of our server, only this search service returns the result by email, because it requires long computational times (20-40 min). A user can upload a PDB file as a query structure and the result will contain a list of similar library structures ranked by the Z-score and all of the pairwise alignments between the query and similar library structures (shown in Fig. 2) . Two kinds of library sets, the PDB representative list (updated weekly) and the SCOP (9) domain representative list are available. The latter list is useful when a user wants to know the domain configuration of a query structure.
OTHER SERVICES
The Matras server contains two other services. The first one is self 3D alignment, which finds internal similarities within one protein structure. It is useful to reveal the repeated structures of proteins. The second one is a standard sequence homology search against the PDB using the BLAST program (10) with a graphical representation of the aligned regions.
FUTURE PLANS
We are now preparing to distribute Matras source codes for users who wish to use it in the stand alone environment. We also plan to develop the web database containing all the results of automatic structure classifications and multiple 3D alignments, calculated by Matras. 
